INTRODUCTION
============

Chronic kidney disease (CKD) is recognized as an independent risk factor for cardiovascular disease, which is the leading cause of death in this population. Mineral bone metabolism disorders and CKD (CKD-MBD) are a syndrome defined by changes in calcium (Ca), phosphorus (P), vitamin D and parathyroid hormone (PTH), bone abnormalities and extra skeletal calcification. They are common in patients with CKD, and are also an important cause of mortality and morbidity.[@B1]

Smoking, a classic cardiovascular risk factor, is associated with atherosclerosis, inflammation, increased progression of CKD[@B2], and increased cardiovascular mortality in patients with CKD.[@B3]

Data from the literature show that smoking is associated with a higher risk of coronary calcification and higher levels of P in the general population.[@B4] Thus, the objective of the present study was to analyze the relationship between smoking and traditional risk factors associated with CKD-MBD.

METHODS
=======

A cross-sectional study was conducted in patients attending the Nephrology Department of the Hospital das Clínicas of the São Paulo Medical School, FMUSP, from August 2016 to January 2017. Three groups of patients were included: 1) Control Group, consisting of patients with hypertension, non-smokers and without CKD; 2) Patients with CKD in stages III to IV (smokers and non-smokers); 3) Patients with CKD on dialysis (smokers and non-smokers).

We included patients aged 18 to 70 years, in regular follow-up at the outpatient clinic. Dialysis patients had been stable in the program for at least 6 months. Patients with diabetes mellitus, neoplasia, lupus, serology positive for HIV virus, as well as patients on immunosuppressants and corticosteroids were excluded. The study was approved by the Research Ethics Committee of the Nove de Julho University on June 4, 2016 (1,613,780).

We evaluated the patients\' ages, genders, presence of comorbidities such as hypertension and history of coronary and cerebrovascular disease, medications used regularly and laboratory test results. Klotho dosages (IBL, Japan, sensitivity 6.15 pg/ml) were performed using enzyme-linked immunosorbent assay (ELISA), and those of FGF-23 with chemiluminescent assay (Diasorin, Italy, sensitivity 5.0 pg/ml).

STATISTICAL ANALYSIS
====================

Continuous data were expressed as mean and standard deviation or median and percentiles (25-75), according to parametric or non-parametric distribution, respectively. Categorical data were expressed as values and percentages. The comparison between the three groups was performed using ANOVA with Tukey or Kruskal-Wallis post-test, with Dunns post-test for variables with parametric or non-parametric distribution, respectively. The comparison between smokers and non-smokers was performed by unpaired t-test or Mann-Whitney, appropriately. The covariance analysis (ANCOVA) was performed with serum P as the dependent variable, eGFR and age as covariables, smoking and gender were fixed factors. The correlation between variables was made using the Spearman›s coefficient test. A *p* value \< 0.05 was considered significant. Statistical analysis was performed using the SPSS 20.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

A total of 92 individuals were included, 15 in the Control group, 37 in the CKD group, and 40 in the CKD dialysis group ([Table 1](#t1){ref-type="table"}). The control group consisted mainly of female patients, who did not practice physical activity regularly. Patients in the CKD group on dialysis were younger. Differences in the Ca, P, PTH, creatinine and hemoglobin values are explained by the better renal function in the Control group. Uric acid levels were lower in the Control group when compared to patients with CKD under in conservative treatment. FGF-23 levels were higher in patients with CKD, and especially in those on dialysis when compared to patients in the Control group. We found correlation between FGF-23 levels and age (r = -0.258, *p* = 0.014), ferritin (r = 0.313, *p* = 0.011), phosphorus (r = 0.527, *p* = 0.0001) and PTH, *p* = 0.0001).

###### Comparison between the demographical, clinical and laboratorial data among the three groups of patients

                            Control                                             CKD conservative treatment   CKD in dialysis                          
  ------------------------- --------------------------------------------------- ---------------------------- --------------------- ------------------ ------------------
  Age (years)               56 ± 11                                             53 ± 13                      53 ± 12               40 ± 13            50 ± 14 a
  Males, %                  13[\*](#TFN02){ref-type="table-fn"}                 45                           41                    52                 68
  Physical activity, %      0[\*](#TFN02){ref-type="table-fn"}                  60                           12                    24                 16
  EVA previous, %           0                                                   0                            0                     4.8                0
  CAF previous %            6.7                                                 20                           5.9 a                 9.5                15.8
  Creatinine (mg/dl)        0.8 (0.7-0.9)[\*](#TFN02){ref-type="table-fn"}      2.1 (1.7-2.9)                1.8 (1.4-3.55)        11.5 (9.4-14.45)   9.3 (8.3-11.3)
  P (mg/dl)                 3.6 ± 0.5[\*](#TFN02){ref-type="table-fn"}          3.6 ± 0.6                    3.9 ± 0.5 a           4.8 ± 1.6          4.3 ± 1.3
  Total Ca (mg/dl)          9.4 ± 0.3[\*](#TFN02){ref-type="table-fn"}          9.3 ± 1.1                    9.1 ± 0.4             8.8 ± 0.8          8.8 ± 0.9
  PTH (pg/ml)               53 (38-79)[\*](#TFN02){ref-type="table-fn"}         58 (45-95)                   60 (34-101)           350 (82-765)       230 (151-358)
  25 Vit-D (ng/dl)          21.8 ± 7.1                                          28.4 ± 9.8                   30.9 ± 12.4           36.1 ± 15.3        26.8 ± 11.5 a
  AP (U/l)                  74 (61-86)                                          96 (68-112)                  84 (68-94)            95 (63-129)        81 (64-132)
  Uric acid (mg/dl)         5.0 (3.8-6.6)[\*](#TFN02){ref-type="table-fn"}      7.0 (6.2-8.1)                6.5 (5.6-8.1)         6.3 (5.6-8.0)      5.7 (4.8-6.4)
  Hemoglobin (g/dl)         13.6 ± 1.1[\*](#TFN02){ref-type="table-fn"}         12.7 ± 1.4                   12.7 ± 2.3            10.9 ± 1.5         10.9 ±1.6
  Albumin (g/dl)            \-                                                  4.3 (3.9-4.5)                4.05 (3.5-4.7)        3.8 (3.4-4.1)      3.9 (3.6-4.2)
  Ferritin (ng/ml)          \-                                                  157.1 (113.2-213.5)          132.2 (87-197)        333.9 (116-610)    345 (145-636)
  eGFR (mL/min/1.73m ^2^)   89 (77-104)[\*](#TFN02){ref-type="table-fn"}        28 (21-43)                   38 (17-50)            \-                 \-
  FGF-23 (pg/ml)            76.7 (58.7-90.7)[\*](#TFN02){ref-type="table-fn"}   92.5 (69.3-287.6)            141.2 (104.9-222.2)   5208 (284-18257)   474.5 (116-5800)

EVA: Stroke; CAF: coronary artery failure; P: phosphorus; Total Ca: Total calcium; PTH: Parathyroid hormone; 25 Vit D: 25 Hydroxyvitamin D; AP: Alkaline phosphatase; Sat: saturation; eGFR: Estimated Glomerular Filtration Rate; FGF-23: Fibroblast growth factor23.

*p* \< 0.05 vs. CKD a: *p* \< 00.5 *vs*. Non-smoker in the same group.

Regarding medications in use, patients in the Control group received less vitamin D supplementation; whereas patients under conservative CKD treatment more commonly used furosemide, and dialysis patients received more calcitriol, calcium salts, Sevelamer, and human erythropoietin (EPO).

Comparing smokers and non-smokers ([Table 1](#t1){ref-type="table"}), we found that smokers on dialysis were younger and had lower levels of vitamin D. Levels of FGF-23 and Klotho were not different between smokers and non-smokers. Smoking patients in the CKD group under conservative treatment had higher serum P than non-smokers ([Table 1](#t1){ref-type="table"}). P levels remained higher in these patients (*p* = 0.026), even after adjusting for eGFR (*p* = 0.079), gender (*p* = 0.145) and age (*p* = 0.986) in a model with adjusted R2 of 0.140, as demonstrated in [Figure 1](#f1){ref-type="fig"}.

Figure 1Phosphorus levels between smokers and non-smokers among CKD patients under conservative treatment according to gender, adjusting for kidney function and age in a covariance analysis. The full line represents females and the dotted line represents males.

DISCUSSION
==========

Comparing smoking and non-smoking CKD patients, we observed that smoking was associated with higher levels of P in those receiving conservative treatment. The highest P in smokers was independent of gender, FGF-23 and renal function. No other CKD-MBD marker differed between smokers and non-smokers.

We found correlations between serum FGF-23 levels with age, phosphorus, PTH and ferritin. As individuals age, FGF-23 falls. On the other hand, as previously described by other authors, FGF-23 levels increase with the progression of CKD.[@B5] Likewise, there was a positive association between FGF-23 with P and PTH, according to Lavi-Moshayoff et al., who demonstrated that PTH enhances FGF-23.[@B6] gene transcription. The relationship between FGF-23 and ferritin was inverse to that reported in the literature.[@B7] However, experimental studies have shown that both iron deficiency and administration of some iron-rich compounds can stimulate the synthesis of FGF-23.[@B8]

We found that serum phosphorus was higher in the group of smokers under conservative treatment. Recalling that serum phosphorus has already been identified as an independent risk factor for mortality due to cardiovascular etiology among chronic renal individuals,[@B3] it is curious to note that smokers with higher cardiovascular risk also have higher serum phosphorus, even within the reference range. One possibility would be that smoking inhibited Klotho\'s renal expression (and therefore its serum level), decreasing FGF-23 action. Thus, although with similar values of FGF-23, smokers would have lower phosphaturic action of this hormone and, therefore, higher serum levels of phosphorus. However, we did not find differences in serum Klotho levels between the two groups. The current concept is that in CKD there is an important suppression of Klotho transcription in the renal tissue. Using the Western-Blot technique, Kuro-o et al. showed a decrease in the urinary concentration of Klotho as CKD progresses.[@B9] However, it is important to note that we evaluated the serum concentration of Klotho using the ELISA technique. Currently, there is still controversy as to whether serum Klotho levels increase or decrease with the progression of CKD, and whether ELISA assays are reliable.[@B10] Nor have we found the impact of smoking on FGF-23 levels, contrary to what has been described previously.[@B11] This result could be explained by the use of different assays, since we measured the intact molecule and these authors evaluated the C-terminal fraction of FGF-23. This fragment of the FGF-23 molecule, previously identified as inactive, appears to play an important role in iron deficiency and inflammation.[@B8] However, the role of C-terminal FGF-23 under these conditions is poorly understood. Interestingly, epidemiological studies have shown a negative association between smoking and Parkinson\'s disease,[@B12] so that smokers had higher serum P and had a lower risk of the disease. Higher P levels were also observed in men and women with diabetes, even after adjusting for age and other cardiovascular risk factors.[@B13] The authors suggested that smokers may have greater bone resorption and/or less bone mineralization, leading to a higher P, which was previously demonstrated.[@B14] As far as we could see, no data was found in the CKD population. However, in patients with primary hyperparathyroidism, smoking has been shown to be associated with higher P levels and lower PTH levels.[@B15]

For dialysis patients, there were no differences in serum phosphorus between smokers and non-smokers. Probably, in this group of patients, dialysis, PTH and the use of binders should be the main determinants of serum phosphorus.

In summary, smoking, in addition to conferring an increase in cardiovascular risk alone in the population of patients with CKD, is associated with higher levels of P in patients on conservative treatment, which confers an additional risk of mortality. The reasons for this finding remain unclear, but it appears to be independent of renal function, gender, age, and FGF-23.

We recognize the limitations of this study in view of the relatively small sample size and cross-sectional design, which does not enable us to establish cause and effect relationships. However, this is an exploratory study of a hypothesis, and new studies are needed to explore the relationship between P and smoking and to elucidate the mechanism involved in this association.
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